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Abstract
Adsorption of 2-mercaptobenzothiazole (2-MBT) at ultra-low pressure and room tempera-
ture on metallic and pre-oxidized Cu(111) surfaces and its thermal stability were investi-
gated using X-ray photoelectron spectroscopy in order to better understand the interfacial
corrosion inhibiting properties. 2-MBT is lying flat in the monolayer with two sulphur
atoms bonded to Cu and decomposes partially yielding atomic sulphur when interacting
with metallic copper prior to forming molecular multilayers. Decomposition is prevented by
surface pre-oxidation with 2D oxide dissociation accelerating the 2-MBT initial adsorption
kinetics. 2-MBT further decomposes and partially desorbs above 100◦C. A pre-adsorbed
2-MBT monolayer on metallic copper inhibits surface corrosion.
Keywords: A. 2-MBT, A. Copper, C. Corrosion inhibition, B. XPS
1. Introduction
Copper is widely used in various applications for its excellent thermal and electrical
properties, however it is not immune against corrosion. The use of corrosion inhibitors is
considered as an effective way to protect copper [1–6]. The most studied compound is benzo-
triazole [7–18], but there are also other nitrogen and/or sulphur heterocyclic compounds of
interest, especially 2-mercaptobenzothiazole (2-MBT) [19–24]. The presence of nitrogen and
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sulphur in the organic molecule could improve its capacity as corrosion inhibitor by forming
coordinative bonds with copper [1]. It has been shown that 2-MBT dissolved in solution can
react with copper to form a complex which acts as a protective layer at the copper surface
[21]. However, controversy exists on the chemical nature of the complex formed, as well as
on the fundamental mechanisms of the inhibiting interaction. The resulting structures of
the protective layer formed on copper are also still not clear. Most notably, the exact role
of the surface oxide in the inhibiting function remains to be studied.
With few exceptions [12], experimental research concerning corrosion inhibitors have
been done by immersion into solutions containing the organic compounds [7–24]. However,
in order to elucidate the interaction mechanisms, deposition of the molecule evaporated
in vacuum could be more insightful, since it allows controlling each step of the deposition
process in a well-defined environment and on a well-defined surface. Data have been re-
ported for vacuum evaporation [25, 26] of 1,4-benzenedimethanethiol (BDMT) on Au(111),
Au(110), Cu(100) and Cu(111) single crystal surfaces. The authors found that on Cu(100)
and Cu(111) surfaces, which are more reactive, BDMT dissociates in the initial stage of
adsorption, resulting in atomic S adsorbed on the Cu surface. This phenomenon was not
observed for the adsorption of benzotriazole on Cu(100) [27].
In this work, the adsorption of 2-MBT at ultra-low pressure (ULP) and room temper-
ature on clean and pre-oxidized Cu(111) surfaces and its effect on the oxidation of copper
were investigated using ultra-high vacuum (UHV) spectroscopic techniques. The results
were compared to those obtained for ULP deposition on the oxide-covered Cu(111) surface
prepared in air. The thermal stability of the adsorbed molecular layer under UHV was also
studied. This work brings new insight into the interaction of 2-MBT with copper, which
allow us to better understand its corrosion inhibition mechanisms.
2. Material and methods
A high purity (99.999%) Cu(111) single-crystal was used in this work. The surface was
mechanically polished to 1/4 µm (diamond paste), successively rinsed with acetone, ethanol,
and ultra pure (UP) water (resistivity > 18 MΩ·cm), and then electropolished in 60 wt%
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Figure 1: Thione form (left) and thiol form (right) of 2-MBT.
H3PO4 solution at 1.4 V during 5 min, followed by rinsing with 10 wt% H3PO4 solution and
UP water before introduction in UHV.
For ULP exposure on metallic Cu(111), the sample was further prepared in a UHV
platform equipped with X-ray photoelectron spectroscopy (XPS, Thermo Electron Corpo-
ration, ESCALAB 250) with base pressure of ∼ 10−10 mbar. UHV sample preparation was
performed by Ar+ ion sputtering (PAr = 5 × 10−6 mbar, 600 V, 10 mA, 10 min) followed
by 10 min of annealing at 600◦C. Sputtering/annealing cycles were repeated until a clean
surface was obtained with no contamination detected in the XPS survey spectrum and a
sharp (1×1) LEED pattern.
2-MBT with chemical formula C7H5NS2 exists in two forms as shown in Fig. 1, with
thione form prevailing in solid and gas phase [28]. A reactor for molecular deposition is
connected to the preparation chamber of the UHV platform. 2-MBT yellow powder (Sigma-
Aldrich) with purity of 99% was placed in a vacuum sealed glass tube connected directly to
the reactor. The tube was kept at room temperature, and the partial pressure of 2-MBT
was 2 × 10−9 mbar. The molecular exposure was calculated by multiplying the pressure of
2-MBT by the dosing time (1 L = 10−6 torr s). The sample was exposed to 2-MBT vapour
at room temperature, and the surface after exposure was analysed by XPS.
A monochromatic Al Kα source (1486.6 eV) was used and the binding energy was refer-
enced by measuring the Fermi level position of the sample. The transmission of analyser was
calibrated by measurement of reference samples. The survey spectrum was recorded with a
3
pass energy of 100 eV corresponding to an overall resolution of 1.8 eV, the high resolution
spectra were recorded with a pass energy of 20 eV corresponding to an overall resolution of
360 meV. The take-off angle of the analysed photoelectrons was 90◦ for all analyses except
when mentioned. The data processing was carried out using the CasaXPS software (version
2.3.19) [29].
In order to investigate the influence of pre-oxidation on the adsorption of 2-MBT, the
ULP dosing experiments were carried out on a pre-oxidized copper surface prepared by
introducing oxygen in the main chamber via a leak valve (5 × 10−6 mbar) until saturation
at room temperature. In this case, a 2D oxide layer is formed [30]. ULP exposure was
also carried out on Cu(111) surface prepared in air as described above without further
preparation under UHV in order to study the influence of a native 3D oxide layer on the
interaction mechanism of 2-MBT. Finally, the oxidation of a surface covered by a 2-MBT
film was investigated by Auger electron spectroscopy (AES, Omicron model CMA-100) in
order to determine the inhibition capacity of the 2-MBT films.
3. Results and discussion
3.1. Bare Cu(111) exposed to 2-MBT and thermal stability of adsorbed multilayer
The growth kinetics of 2-MBT on clean, metallic Cu(111) at ULP (2× 10−9 mbar) and
room temperature was followed by XPS. The area of the S 2p, C 1s and N 1s core level peaks
were normalized by the transmission of analyser, the photoionization cross section and the
inelastic mean free path. The normalized peak area is proportional to the density of atoms.
Fig. 2 shows the change in the XPS normalized area of the S 2p, C 1s and N 1s core level
peaks as a function of exposure to 2-MBT. Lines showing the evolution of different signals
are added to guide the reader’s eye.
Fast increases of the S 2p, C 1s and N 1s signals with exposure are observed, indicating
the deposition of 2-MBT on the sample surface, followed by a decrease in the adsorption
rate until saturation of the measured signals for an exposure of about 90 L. The atomic
ratios of S and N versus C were calculated, and we obtain a N to C atomic ratio of 0.10 ±
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Figure 2: Growth kinetics of 2-MBT on clean Cu(111) surface at RT. Change in the XPS normalized area
of the S 2p, C 1s and N 1s core level peaks as a function of 2-MBT exposure at 2×10−9 mbar. Lines are
added to guide reader’s eye.
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Figure 3: XPS spectra of the S 2p, N 1s and C 1s core levels after 2-MBT exposure on metallic Cu(111)
surface at 2 × 10−9 mbar and RT. S 2p spectrum for a (√7 × √7)R19.1◦ S/Cu(111) surface is shown for
comparison.
0.01, which is similar to the theoretical value for the stoichiometry of the molecule (1/7).
The slight difference could be explained by possible geometric effects. The S to C atomic
ratio was calculated to be 0.42 ± 0.01, which is 1.5 times the theoretical value (2/7).
In order to explain this excess of S, a detailed high resolution XPS analysis of the
molecular layers formed after different exposures was performed in order to determine their
chemical composition. The results are shown in Fig. 3. The S 2p spectra were decomposed
using spin-orbit doublets S 2p1/2 and S 2p3/2, with a branching ratio of 0.5 and spin-orbit
splitting of 1.18 eV [24, 26]. At low exposure, i.e. 1 L, the S 2p spectrum is mainly composed
of one S3 component, with the 2p3/2 at 161.4 eV. This peak is at the same position as that of
the (
√
7×√7)R19.1◦ S/Cu(111) surface obtained by exposing clean Cu(111) surface to H2S,
suggesting a partial decomposition of 2-MBT by the cleavage of the C=S and C–S bonds
when interacting with metallic copper, and the adsorption of atomic S, as also confirmed
6
by STM [31]. This phenomenon could be explained by the high affinity of sulfur to copper
[32–36]. Moreover, angle resolved measurements confirm that S3 is a component at the
interface. The S3 component is thus attributed to S bonded to metallic copper.
At higher exposure (15 L), besides the increase of S3 component, two other components
S1 and S2 appear, with the 2p3/2 at 164.1 eV and 162.5 eV, corresponding to the endocyclic
and exocyclic S atoms in the 2-MBT molecule, respectively [24, 37]. The intensities of S1
and S2 components were set to be the same, their full widths at half maximum (FWHM)
were limited to 1.0 eV, and the fit is in good agreement with the measured XPS spectra. The
appearance of S1 and S2 indicates the formation of a molecular layer above the layer directly
bonded to metallic copper, which is in agreement with the formation of a full monolayer at
10 L observed by STM [31]. Further exposure to 2-MBT results in an increase of S1 and S2,
indicating a multilayer growth on Cu(111) surface.
A transition of N 1s spectra from N1 (399.8 eV) to N2 (399.1 eV) was observed, N2 is
assigned to N in non bonded molecule. As for N1, two possibilities exist to explain the
shift of 0.7 eV in binding energy. N may bond directly to copper at the interface, or,
since S is bonded to copper, it may change the electronic density of other elements in the
molecule. The presence of N1 component suggests the adsorption of 2-MBT on copper in its
molecular form, thus the S3 component should be considered as the sum of the components
corresponding to S bonded to Cu, i.e. atomic S (resulting from the molecule decomposition)
and S in the molecule. The binding energies of molecular and atomic S interacting with
metallic copper being too close to be distinguished. Moreover, the two S atoms are both
bonded to Cu in the molecular form, as indicated by a good fit with one S3 component and
two identical components S1 and S2. A shift to higher binding energy until 0.4 eV in C 1s
region was observed. Due to low signal-to-noise ratio and non-obvious peak separation, as
well as the direct interaction of 2-MBT with copper, the decomposition of C 1s region can
not give reliable information and is thus not performed.
We can follow the evolution of different S and N components with exposure, as shown
in Fig. 4. Smooth lines allowing to better follow the evolution of different components are
added. The XPS peak area is normalized as in Fig. 2 to be proportional to the density of
7
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Figure 4: Evolution of the different S and N components with exposure to 2-MBT. Lines are added to guide
reader’s eye.
atoms. The relative components associated to atomic (Sa) and molecular S (Sm) in S3 can
be disentangled by imposing the atomic ratio between Sm and N1. Firstly, we observe an
increase of N1 and Sm followed by a slow decrease, with maximum value at around 15 L. The
absence of S1 and N2 during the initial stage indicates the formation of a first monolayer
which becomes complete at around 15 L. After 15 L, S1 and N2 begin to appear, indicating
the formation of 2-MBT multilayer. Finally a stationary regime is reached. Sa is found
to increase continuously with increasing exposure, which may be explained by a further
decomposition and a possible densification of the monolayer at higher exposure.
In order to better understand the interaction of 2-MBT with copper, exposure was also
carried out in the same conditions on Cu(111) prepared in air, and the results are shown in
Fig. 5. In this case, a 3D oxide formed in air is covering the Cu(111) surface before 2-MBT
deposition, and the presence of S 2p, N 1s and C 1s signals indicates the adsorption of the
molecule. However, the S 2p spectrum shows only two components S1 and S2 corresponding
to S in molecules which are not bonded to copper. This confirms that S3 component is
effectively associated to S bonded to metallic Cu. The pre-adsorbed 3D oxide prevents the
direct interaction with metallic Cu and the dissociation of the molecule.
The high signal-to-noise ratio and the absence of direct molecule/copper interaction
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Figure 5: XPS spectra of the S 2p, N 1s and C 1s core levels after exposures to 2-MBT at ULP (180 L) and
RT on Cu(111) prepared in air.
allow the decomposition of the C 1s region. There are theoretically seven inequivalent
carbon environments within the molecule, however, XPS may not distinguish between the
four benzene-like carbon atoms not in direct contact with N or S [38, 39]. We assume
thus mainly three types of carbon, C1, C2 and C3. The FWHMs (1.0 eV) of these three
components were set to be the same, the intensity of C1 was set to be half of C2, which
itself was half of C3, and the fit is in agreement with the measured spectrum. We obtain
three components at binding energies of 284.8 eV, 285.6 eV and 286.6 eV for C3, C2 and
C1, respectively. C1 is then assigned to C=S, C2 to C–N and C–S, and C3 represents the
remaining C atoms in the benzene ring. The good fit with the experimental data confirms
non-dissociative molecular adsorption on the surface pre-covered by a 3D oxide layer. In
the case of exposure on metallic Cu(111) prepared under UHV (Fig. 3, 180 L), a slight
shift of 0.1 eV to lower binding energy of C 1s spectrum is observed, indicating a change in
the C bonding in the molecule interacting with metallic copper. The same phenomenon is
observed for the N 1s region, with a shift of 0.3 eV to lower binding energy and a decrease in
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Figure 6: XPS spectra of the S 2p, N 1s and C 1s core levels for Cu(111) saturated with 2-MBT (ULP)
before and after annealing during 20 min (take-off angle: 45◦ or 90◦ as indicated).
FWHM (0.9 eV) of about 25%. The increase in FWHM and the small deviations in the fit
of S 2p and N 1s spectra for exposure on Cu(111) prepared in air may be explained by the
presence of surface contaminations when exposed to air. The C 1s component at binding
energy of 287.7 eV is assigned to carboxylic groups (air contamination) [40].
In order to examine the thermal stability of the 2-MBT layer deposited under ULP con-
ditions on oxide-free Cu(111), annealing at different temperatures during 20 min was carried
out on saturated surfaces. XPS analyses performed before and after annealing are shown
in Fig. 6. Firstly, XPS spectra were recorded at a take-off angle of 45◦. After annealing at
100◦C, the S 2p spectrum shows almost no change. We find the three S components associ-
ated to sulphur in non bonded molecule (S1 and S2) and sulphur interacting with metallic
copper (S3), with almost the same intensity and FWHM compared to those obtained be-
fore annealing. In contrast, when the sample was heated to 200◦C, the total intensity of
10
S increased by 8%, and the fraction of S3 was twice that before annealing, while that of
molecular S (S1 and S2) was reduced by half. The relative proportion of molecular C was
reduced to half, and that of molecular N strongly decreased, with appearance of other C and
N components at lower and higher binding energies, suggesting decomposition of 2-MBT. At
the same time, the total intensity of C decreased by about 30%, and that of N decreased by
17%, indicating the partial desorption of the molecular layer. This dissociative desorption
of the molecular layer contributes to the increase of the remaining S component associated
to S bonded to Cu(111) through a reduced attenuation of the signal.
In order to determine any stratification of the molecular layer after annealing, XPS
measurements were also carried out in more sub-surface-sensitive conditions, at a take-off
angle of 90◦ (Fig. 6). Compared to the spectra obtained at 45◦, the relative proportion of
S3 versus molecular S (S1 and S2) increased slightly, as well as the relative proportion of
molecular C and N versus that of C and N after molecule decomposition. This seems to
indicate that the surface is firstly covered by sulphur, followed by the 2-MBT molecule, and
finally by decomposition products (C and N).
3.2. Pre-oxidized Cu(111) exposed to 2-MBT and thermal stability of adsorbed multilayer
In order to study the influence of surface oxidation on the adsorption of 2-MBT, the
Cu(111) surface was pre-oxidized (PO2 = 5 × 10−6 mbar, 15 min, RT), and exposure of 2-
MBT was then performed at room temperature under ULP at 2×10−9 mbar. The conditions
of pre-oxidation were selected so as to saturate the surface with a 2D oxide layer [30].
Fig. 7 shows the variation of the XPS normalized area of the S 2p, C 1s, N 1s and O
1s core level peaks with 2-MBT exposure. The XPS peak area is normalized similarly as
above to be proportional to the density of atoms, and lines showing the evolution of different
signals are added to guide the reader’s eye. A rapid increase of the S 2p, C 1s and N 1s
signals is observed, indicating the growth of 2-MBT on the pre-oxidized copper surface. It is
important to notice that the growth of 2-MBT layer is accompanied by a continuous decrease
of the oxygen signal. Oxygen is substituted by 2-MBT with dissociation of the initial 2D
oxide layer, and it may desorb as gaseous O2 [41, 42]. The results are in agreement with
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Figure 7: Growth kinetics of 2-MBT on pre-oxidized Cu(111) at RT. Changes in XPS normalized area of
the S 2p, C 1s, N 1s and O 1s core level peaks as a function of 2-MBT exposure at 2×10−9 mbar. Lines are
added to guide reader’s eye.
that obtained by AES [31], where a complete disappearance of oxygen was observed after
about 25 L. The atomic ratios of S and N versus C were calculated, we obtain values close
to the stoichiometry of the molecule, indicating the adsorption of 2-MBT in its molecular
form on the pre-oxidized Cu(111) surface.
Similarly, a high resolution XPS analysis of the molecular layer formed on pre-oxidized
Cu(111) after different exposures was performed, and the results are shown in Fig. 8. At
low exposure (0.2 L), the S 2p region is mainly composed of S3 component at 161.6 eV,
and a decrease in the O 1s spectrum of 19% compared to that obtained before exposure is
observed, indicating the substitution of oxygen by 2-MBT and direct bonding between S
and Cu. The N 1s spectrum gives a component N3 at 398.3 eV, which is assigned to N in the
bonded molecule. At an exposure of 0.5 L, we observe an increase of S3 component and the
appearance of two other components S1 and S2 corresponding to S in non bonded 2-MBT.
Moreover, the N2 component at 399.0 eV representing N in non bonded molecule begins to
appear. This seems to indicate the formation of a second layer from 0.5 L. The presence
12
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Figure 8: XPS spectra of the S 2p, N 1s and O 1s core levels after 2-MBT exposure on pre-oxidized Cu(111)
surface at 2× 10−9 mbar and RT.
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Figure 9: XPS spectra of S 2p, C 1s and N 1s core levels for pre-oxidized Cu(111) saturated with 2-MBT
(ULP) before and after annealing during 20 min (take-off angle: 45◦).
of O 1s signal at 0.5 L indicates that the surface is partially covered by 2-MBT molecular
layer where oxygen has been substituted. Compared to the spectra obtained for adsorption
of 2-MBT on the clean metallic copper surface, a difference of 1.5 eV towards lower binding
energy from N1 to N3 is observed, indicating a stronger interaction of N with metallic Cu,
which may be assigned to direct bonding between N and Cu. This explains the slight shift
of the S3 component. Further exposure to 2-MBT leads to the growth of molecular layer as
indicated by the increase of S1 and S2 components, and continuous decrease of O 1s spectra.
In order to assess the thermal stability of the 2-MBT layer formed on pre-oxidized surface,
annealing at different temperatures was carried out (Fig. 9). Decomposition and partial
desorption of the molecule were observed when the sample was heated above 100◦C, as
shown by an increase of the relative proportion of S3 component and a decrease of intensities
of C 1s and N 1s, as well as a shift to lower binding energy of the XPS spectra. However,
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Figure 10: Schematic illustration of 2-MBT adsorption on different copper surfaces and the corresponding
chemical state of S measured by XPS: (a) metallic; (b) oxidized (2D oxide); (c) oxidized (3D oxide).
compared to annealing of adsorbed molecular layer on metallic Cu(111), difference in the N
1s region can be observed, with non-obvious peak separation, which may be explained by
the bonding between N and Cu for exposure on metallic Cu(111). A schematic illustration
of the adsorption of 2-MBT on clean and pre-oxidized Cu(111) surfaces is summarized in
Fig.10. The inclination angle between the molecule and the sample surface is not considered.
3.3. Thickness of the 2-MBT layers
Quantitative analysis of the XPS data was performed in order to determine the thickness
of the molecular layers (dMBT) formed at ULP on metallic and pre-oxidized Cu(111) surfaces.
We assume that the sample surface was covered by a homogeneous layer of 2-MBT on
metallic Cu(111) surface. In the presence of a 2D oxide, we assume a homogeneous molecular
layer on Cu(111) surface where oxide has been replaced by 2-MBT.
The thickness of the inhibitor layer was calculated from the intensities of the S 2p, N 1s,
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Figure 11: Thickness of the molecular layer formed on metallic and pre-oxidized Cu(111) surfaces. Lines
are added to guide reader’s eye.
O 1s and Cu 2p spectra, using the following set of equations.
IMBTS 2p = (1− φ)kFSNMBTS σS 2pTS 2pλMBTS 2p sin θ
[
1− exp
(
− dMBT
λMBTS 2p sin θ
)]
(1)
IMBTN 1s = (1− φ)kFSNMBTN σN 1sTN 1sλMBTN 1s sin θ
[
1− exp
(
− dMBT
λMBTN 1s sin θ
)]
(2)
ICuCu 2p = (1− φ)kFSNCuCuσCu 2pTCu 2pλCuCu 2p sin θ exp
(
− dMBT
λMBTCu 2p sin θ
)
+ φI
Cu(2D oxide)
Cu 2p (3)
where I is the intensity of the photoelectrons, φ the surface coverage by the 2D oxide, N
the density of emitting atoms, λ the inelastic mean free path, estimated using the Tanuma,
Powell and Penn formula (TPP-2M) [43], and θ the take-off angle of photoelectrons. φ = 0
for exposure on the metallic Cu(111) surface, and φ = IO 1s/I
2D oxide
O 1s for exposure on the
pre-oxidized Cu(111) surface.
The results are shown in Fig. 11. Lines are added to show the thickness evolution.
Growth of molecular layer is observed with a fast increase of the inhibitor layer thickness
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at initial stage, followed by a decrease in the growth rate until saturation for exposure on
the metallic Cu(111) surface. Moreover, an acceleration of the initial growth kinetics of
2-MBT is observed in the presence of oxygen, which may be explained by the activation of
the molecule bonding to copper by the dissociation of the pre-formed surface oxide.
We concluded above on the formation of a complete monolayer at 15 L on the metallic
Cu(111) surface, which corresponds to a thickness of about 0.2 nm. Taking into account
the dimension of the 2-MBT molecule [44], we can deduce that 2-MBT in the monolayer
adsorbs with its plane almost parallel to the sample surface. This is consistent with the fact
that S-containing molecules can adsorb on metallic surface with small tilt angle [45, 46].
Multilayers are formed at higher exposure, with a total thickness of 0.6 nm at saturation.
On pre-oxidized Cu(111) surface, the monolayer formed is 0.4 nm after an exposure of 0.2
L, which indicates that the molecule adsorbs in a tilted position. Multilayers of thickness
of 0.7 nm are formed at 17 L. For 2-MBT exposure at ULP on Cu(111) prepared in air
until saturation, by assuming a homogeneous oxide layer covered by a homogeneous layer
of 2-MBT, we can calculate the thickness of oxide and molecular layers, which gives 0.6 ±
0.1 nm and 1.0 ± 0.1 nm, respectively. The 2-MBT layer formed on Cu in aqueous solution
was reported to be 1.5 ± 0.5 nm [24]. This indicates that the presence of oxygen prior to
exposure can promote the growth of 2-MBT.
3.4. Inhibition effect of pre-adsorbed 2-MBT on oxidation of Cu(111)
In order to confirm if 2-MBT pre-adsorbed under ULP conditions could inhibit copper
corrosion, we recorded the oxidation kinetics on the Cu(111) surface first exposed to 8 L
of 2-MBT at room temperature, corresponding to the formation of about one monolayer
of 2-MBT. Oxidation of the sample was then performed at PO2 = 5 × 10−6 mbar at RT.
Fig. 12 shows that in the presence of the pre-adsorbed monolayer of 2-MBT, there is almost
no increase in the oxygen intensity, whereas without 2-MBT copper is oxidized and the
oxidation kinetics agree with previous reported data [30]: the intensity of oxygen increases
with exposure until the formation of a monolayer of oxide, then the surface is saturated
with oxygen, with a value of hO/hCu ∼ 0.22 corresponding to the completion of the 2D
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Figure 12: Oxidation kinetics of Cu(111): effect of adsorbed 2-MBT (8 L of 2-MBT at RT prior to oxidation).
oxide layer. The comparison between the oxidation kinetics with and without pre-adsorbed
2-MBT indicates that a monolayer of 2-MBT can effectively protect the copper surface from
oxidation in these conditions of temperature and pressure, and thus prevent the formation
of copper corrosion products. The residual uptake of oxygen is likely due to the formation
of copper oxide at the local sites of the 2-MBT layer where protection is defective. The
defective sites cover about 8% of the surface area.
4. Conclusions
In this work, the adsorption of 2-MBT deposited from the vapour phase on metallic
and pre-oxidized Cu(111) surfaces under ULP conditions was investigated by XPS. When
2-MBT molecules arrive on a clean metallic copper surface (prepared under UHV), the XPS
spectra show that the two sulphur atoms are involved simultaneously in the interaction with
copper, confirmed by the presence of a S 2p3/2 peak at 161.5 ± 0.1 eV. The adsorption is
accompanied by a partial decomposition of the molecule giving atomic sulphur adsorbed on
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copper. On the pre-oxidized Cu(111) surface, the 2D oxide initially formed is dissociated
and substituted by 2-MBT, without decomposition of the molecule.
A complete monolayer of 2-MBT is formed at an exposures of 15 L on metallic Cu(111)
surface, with a thickness of 0.2 nm. This is consistent with the adsorption of flat-lying
molecule. Further exposure to 2-MBT leads to the formation of multilayers, with a thickness
of 0.6 nm at saturation. On pre-oxidized Cu(111), a monolayer covers partially the surface
with a thickness of 0.4 nm, suggesting the adsorption of 2-MBT in a tilted configuration.
On the Cu(111) surface covered by a native 3D oxide formed in air, 2-MBT also adsorbs
without decomposing and the multilayer is 1.0 nm thick at saturation.
By comparing the growth kinetics of 2-MBT on metallic and pre-oxidized Cu(111) sur-
faces, we can deduce that the presence of a 2D oxide layer accelerates the initial uptake of
2-MBT on copper (< 20 L), and leads to the formation of a thicker molecular layer. This
may be explained by the activation of the molecule bonding to copper by the dissociation
of the pre-formed surface oxide and substitution of oxygen by 2-MBT.
After heating metallic and pre-oxidized Cu(111) saturated with 2-MBT to above 100◦C,
molecules decompose. The C and N resulting from decomposition leave the surface, while
the atomic S remains adsorbed on copper.
2-MBT is relatively efficient for corrosion inhibition after adsorption under ULP con-
ditions at room temperature. A monolayer of 2-MBT effectively prevents the oxidation of
Cu(111) at low O2 pressure and room temperature.
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